To estimate correctly the effect of variable trade costs on firms' exports, the gravity equation should control for the number of firms that participate in foreign markets. Due to the absence of these data, previous studies control for this omitted variable using econometric strategies that may also lead to inconsistent estimations. To overcome this problem the present paper estimates a gravity equation using a new database compiled by the OECD and Eurostat that reports the number of exporting firms by reporter and partner country. We show that no controlling for the extensive margin of trade introduces very serious biases in the estimated trade cost coefficients. Moreover, these biases are much larger than predicted by previous studies.
Introduction
The gravity equation is one of the most successful empirical models in international economics. In its simplest form, the gravity equation predicts that bilateral trade flows are positively link to the economic size of the trading partners and negatively link with the distance between them. Due to its simplicity and empirical success, in addition to trade in goods, the gravity equation has been applied to understand other bilateral flows such as trade in services, foreign direct investment, tourism or migration.
Linking trade barriers with trade flows, the gravity equation is also a very powerful tool to infer the costs that geography, communication or government practices impose on trade. This property is especially relevant given the inaccuracy and incompleteness of many direct costs measures (Anderson and van Wincoop, 2004) . Improvements in the accuracy of trade costs' estimations have come hand in hand with advances in the theoretical foundations of the gravity equation (Anderson, 2011) . A major step in this process is the model developed in Anderson and van Wincoop (2003) . These authors show that bilateral trade flows do not depend on absolute trade costs but on relative trade costs. To capture this fact, their gravity model incorporates two additional variables, the exporter and importer multilateral resistances, which summarize each trading partner's average trade costs. Since bilateral trade costs are positively correlated with multilateral resistances, estimations of trade costs will be biased upwards if the multilateral resistance terms are not included in the gravity equation.
More recently Helpman et al. (2008) (hereinafter HMR) have incorporated the insights of the new-new trade models -the presence of fixed costs of exporting and heterogeneity in productivity across firms -into the gravity framework. These two new elements help to explain the existence of zero trade flows between countries, in one or both directions, due to the lack of firms with enough productivity to export to countries with high entry costs. As HMR argue, if the gravity equation does not control for the number of exporting firms, the estimated coefficients can no longer be interpreted as elasticities of a firm's sales abroad with respect to trade costs. Instead, coefficients capture the impact of trade costs on both the number of firms that participate in trade (the extensive margin) and the trade value per firm (the intensive margin), leading to an upward bias in the estimations.
The main difficulty in estimating the HMR model is the lack of data on the number of exporting firms by country-pair, for a large sample of countries. To overcome this limitation, HMR estimate this number using an export participation model that, in a second stage, is introduced in the gravity equation. Their empirical analysis confirms that not controlling for the number of exporting firms leads to an upward bias in the estimated coefficients.
However, the strong distributional assumptions needed to estimate the two-stage empirical model in HMR cast some doubts on the consistency of the estimations. In particular, SantosSilva and Tenreyro (2009) argue that in the two-stage procedure followed by HMR, heteroskedasticity in trade data makes difficult to disentangle the effects of trade costs on the number of firms that participate in trade (the extensive margin) and the value of trade per firm (the intensive value); in this situation it is difficult to get meaningful insights from the estimations.
As an alternative estimation strategy, a number of papers have used the number of exporting firms to disentangle the differences of trade costs on the extensive and intensive margins of trade (Eaton et al., 2004; Bernard et al., 2007; Mayer and Ottaviano, 2007; Crozet and Koenig, 2010; Lawless, 2010) . The main limitation of these studies is that they only have data on the number of exporting firms for one country, and therefore they cannot control for the multilateral resistance terms in the gravity equation, leading, as explained above, to biases in the estimated coefficients related to trade costs.
To overcome these problems, for the first time in the literature, we estimate the gravity equation using a new database compiled by the OECD and Eurostat that reports the value of trade and the number of firms that participate in bilateral trade flows for 21 OECD reporting countries and 36 trading partners. As predicted by the HMR model, our estimates confirm that the traditional gravity equation leads to biased estimates if we do not control for the extensive margin of trade. In addition, the bias in the coefficients is much worse than that found by HMR.
The rest of the paper is organized as follows. Section 2 presents the theoretical model used in the paper. Section 3 derives the estimating equation and explains the database. Section 4 reports and comments the results of the econometric estimations. Section 5 draws the main conclusions of the paper.
Theory
HMR consider a world consisting of J countries, indexed by j=1, 2, 3,......., J. Consumers preferences, which are the same in all countries, take the Constant Elasticity of Substitution or Dixit and Stiglitz (1977) form. In particular utility in country j is defined as:
, 0 1 1 where x j (l) denotes consumption of product l. B j is the set of goods that can be consumed in country J. Parameter α determines the elasticity of substitution across products, which is defined as 1 1 ⁄ . The elasticity of substitution across products is the same in all countries.
The price index dual to (1) is:
where (l) is the price of product l in country j.
Assuming that the expenditure level in country j equals its income (Y j ), given the preferences in (1) the demand for product l in country j is
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Regarding production, HMR assume that each firm produces only one good, which is different from the goods produced by other firms in the home country or in foreign countries.
To produce the good a firm in country j uses a bundle of inputs, captured by the variable a, at a cost c. HMR introduce heterogeneity across firms making the bundle of inputs firm specific.
In particular, the model assumes that the productivity level, 1/a, is different across firms. In contrast, the cost of the input bundle is country-specific (c j ). Firms are assumed to draw their productivity from a cumulative distribution function G(a), with support [a L , a H ]. This distribution function is assumed to be the same in all countries.
If the producer sells in the domestic market the cost of delivering its product is c ja . If the firm aims to sell in a foreign market it will face two additional costs. On the one hand, in order to enter the foreign market, it will have to pay a fixed cost. On the other hand, there will be additional transport costs to deliver the product to the foreign market. Both fixed and variable costs are foreign market specific. Transport costs are of the iceberg-type, where τ ij >1 units should be shipped to country i from country j in order to one unit to arrive. It is assumed that transport costs and fixed costs are zero in the domestic market.
Due to the extra costs for operating in foreign markets, firms will export as long as profits derived from selling in the foreign market cover the additional costs. To determine the productivity level that establishes this cut-off condition, we first determine the price that a country-j firm will charge in country i. As there is monopolistic competition in final products, the profit maximizing price for the country j firm selling product l in country i is:
where ⁄ is the mill price, and 1/α the standard mark-up.
With the price equation (4), the demand equation (3) and the cost parameters defined above, it is possible to determine the minimum productivity level (1/a ij ) that a firm in country j should command to sell in foreign country i. This minimum productivity level is determined by the zero profit condition in the foreign market:
where c j f ij is the fixed cost of serving country i. All country j firms with a productivity level
(1/a) equal or above the cut-off condition (1/a ij ) will export to country i. Hence, aggregate imports of country i from country j can be expressed as:
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Define as a term indicating the number of country j firms that export to country i, weighted by an index of firm productivity:
Combining equation (6) and equation (7), imports of country i from country j can be written:
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According to equation (8) imports by country i from country j depend on trade costs, the costs of production in country j, the price index in country i, the demand capacity in country i and the number of firms in country j that export to country i.
Econometric estimation
To get an estimating equation, first we follow HMR in modeling bilateral trade costs as:
where is the distance between country i and country j, and u ij denotes other unmeasured stochastic trade frictions.
Substituting equation (9) in equation (8), and taking logs we obtain the following estimating equation:
10 where lowercase variables represent natural logarithms of their respective uppercase variables. 1 is a fixed effect for the importing country i and 1 ln is a fixed effect for the exporting country j.
As explained in HMR, equation (10) introduces one substantial improvement with respect to previous structural gravity equations, such as Anderson and van Wincoop (2003) . In particular, equation (10) includes the term that controls for the number of firms that export from country j to country i. If this term is not included in the equation, the distance coefficient will not only capture the effect of trade costs on firm level trade, but also the effect of trade costs on the number of firms that participate in exports, leading to an upward bias in the estimated coefficient.
The main difficulty in estimating equation (10) lies in the availability of data on the number of firms that participate in exports by country pair for a large sample of countries. As they do not have these data, HMR follow a two stage procedure to approximate the number of exporting firms. In the first stage they estimate an export participation Probit equation that incorporates variables related with the fixed costs of exporting. They use the estimated coefficients to build a value on the number of firms that participate in exports per countrypair. This estimated value is then introduced in equation (10) to control for firmheterogeneity.
As explained by Santos-Silva and Tenreyro (2009) To overcome these problems, our paper uses a new database, the OECD-Eurostat Trade by Enterprise Characteristics Database (Araújo and Gonnard, 2011) , that reports the number of firms that participate in bilateral exports. in the majority of cases, the lowest number of exporting firms is found in the relationship with small partners, such as Malta or Luxembourg. In fact, as shown in Figure 1 , there is a tight relationship between the value of bilateral exports and the number of exporting firms that take part in the export relationship.
<INSERT TABLE 1 HERE>
<INSERT FIGURE 1 HERE>
To estimate the econometric model, in addition to distance, we introduce some dummy variables to control for other bilateral trade costs in equation (10). First, we introduce a dummy variable that takes the value of 1 if the importing and the exporting country have a common official language, and zero otherwise. Second, we introduce a dummy variable that takes the value of 1 if the importing and exporting country share a border, and zero otherwise.
Third, we introduce a dummy variable that takes the value of 1 if the importing and exporting country participate in the same regional trade agreement, and zero otherwise. Forth, we introduce a dummy variable that takes the value of 1 if the importing and exporting country use the same currency, and zero otherwise. In our sample, the euro is the only common currency. Finally, we introduce exporter and importer specific fixed effects.
We should point out that estimates in equation (10) could be biased if we do not control for zero trade observations. As HMR explain, in the absence of zero trade observations there is a correlation between the error term and the unobserved trade frictions. In our sample all trade flows are positive, precluding this bias. In any case, as shown by HMR, the bias introduced by selection is small compared to the bias introduced by the absence of control for firm heterogeneity.
Econometric results
To analyze how the introduction of the actual number of exporting firms improves on Table 2 -Column 1 presents the results when estimating the gravity equation with a standard OLS model, not controlling for firm heterogeneity but introducing exporter and importer fixed-effects. We observe that distance has a very strong negative effect on trade. In contrast, to speak the same language, to share a land border, and to belong to the same regional integration agreement do not have a statistically significant effect on trade. On its hand, common currency has a negative coefficient, although it is neither statistically significant. In
Column 2, to control for heteroskedasticity, following Santos-Silva and Tenreyro (2006), we present the results of estimating a Poisson model with fixed effects for exporters and importers. We observe that distance, compared to the OLS coefficient, has a lower negative effect on trade. In addition to that, the language coefficient becomes statistically significant.
On its hand, coefficients on adjacency, regional trade integration and common currency remain statistically not significant.
It is interesting to compare our results with recent studies that have estimated the gravity equation (Baier and Bergstrand, 2009; Head et al., 2010; Rose and Spiegel, 2011). 2 It is important to point out that these studies use a wider sample of countries than in our study, and two of them use a much longer time-frame. We find that our distance coefficient estimated by OLS has a larger negative effect on trade than the coefficients estimated by these studies: - To analyze whether the use of the actual number of exporting firms improves on the HMR procedure, Column 3 presents the results of estimating the model with the two-stage HMR methodology. We have to stress that the results of this estimation should be taken with a lot of care. As all bilateral export relationships are positive in our sample, we cannot estimate the first stage export participation equation of the HMR procedure. To overcome this problem, we estimate the first stage using the UN-COMTRADE database, which reports bilateral exports data for more than 200 countries, and includes a sizable set of zero-trade observations.
Following the HMR procedure, we use the results of the Probit model to obtain a consistent estimator of the number of firms that participate in each bilateral export relationship. (Table IV) . To explain this difference, we should bear in mind that the estimated number of exporting firms is built on the probability of the existence of a bilateral trade relationship predicted by the first stage. As in our sample all bilateral export relationships are positive, the probabilities predicted by the first stage are very high for those observations and, thus, the differences in the estimated number of firms across observations are tiny.
5
Hence, to explain the large differences in bilateral exports across the countries included in our sample, in the second stage the econometric model attributes a large effect to those small differences in the estimated number of exporting firms.
Columns (6) and (7) present the results of estimating the model with the actual number of exporting firms. We observe a remarkable reduction in the negative effect of distance on trade. Compared to the standard OLS gravity estimation (Column 1), the distance coefficient falls by two-thirds. Notwithstanding the limitations of the HMR procedure, this reduction is much larger than that occurring between Column 3 and Column 4. The reduction in the distance coefficient for the Poisson model is also very high: 54%. We can see that the 4 The reduction in the number of observations is due to the first stage Probit estimation. In this stage, the model excludes those variables that predict the existence of a bilateral export flow perfectly. In the UN-COMTRADE sample, once we remove the observations that do not report data on some independent variables that are included in the first stage, there are six exporter country dummies (Canada, Denmark, France, Germany, Italy and United States) and two importing country dummies (Germany and United Kingdom) that predict the existence of exports perfectly. 5 When we compare the number of exporting firms per bilateral relationship estimated by the HMR model and the actual number of exporting firms the correlation is only 0.26.
regional trade coefficient multiplies almost by two and becomes statistically significant both in OLS and Poisson models. The coefficients for shared language, adjacency and common currency remain statistically not significant. As predicted by the HMR model, the actual number of exporting firms' coefficient has elasticity with respect to imports close to one, especially in the OLS model.
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Our results confirm that traditional gravity estimates are not always reliable to infer the elasticity of trade per firm with respect to trade costs. Not controlling for the number of exporting firms, traditional estimates confound the effect of trade costs on the extensive and the intensive margins of trade. According to our estimates, the traditional gravity coefficient overestimates the negative impact of distance on trade because the coefficient captures the large deterring effect of distance on the number of firms that participate in exports. In contrast, the traditional gravity equation seems to underestimate the positive effect that regional trade agreements have on the intensive margin of trade. It is important to point out that the size of the bias in our estimations, which uses actual data on the number of exporting firms, is much larger than the bias reported in Helpman et al. (2008) . In particular, their distance coefficient falls by 35% when controlling for firm heterogeneity; 7 in our sample it falls between 54% and 66%. On its hand, the results presented in Columns (6) and (7) are in line with studies that have analyzed the impact of trade costs on the intensive and extensive margins of trade using single country data (Eaton et al., 2004; Bernard et al. 2007; Mayer and Ottaviano, 2007; Crozet and Koenig, 2010; Lawless, 2010) . These studies also find that the distance coefficient drops severely when estimating the intensive margin of exports.
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With respect to language, Mayer and Ottaviano (2007) and Lawless (2010) find that the coefficient is no longer statistically significant when estimating the intensive margin of trade; in contrast, Crozet and Koenig (2010) find that to speak French has a positive and statistically significant coefficient. In line with our estimations, these authors find that being adjacent does not have a statistically significant effect on the intensive margin of trade; Mayer and Ottaviano (2007) also find that neither regional trade agreements nor currency unions have a significant effect on the value of exports per firm. 6 We also estimate an equation moving the number of exporting firms to the left-hand side of equation (10). Results are not altered. 7 See Table IV in page 471 in Helpman et al (2008) . 8 Hillberry and Hummels (2008) also obtain a similar result for US intra-national shipments.
Robustness analysis
To analyze the robustness of our results we perform a series of sensitivity analyses. First, in the HMR model, as shown in equation (7), the number of exporting firms is weighted by an index of firm productivity: the larger the productivity the larger the exports. However, when estimating equation (10), we have use a number of exporting firms which is not weighted by productivity. To gauge the sensitivity of results to the absence of weighting, in this robustness test we introduce a proxy for firms' productivity. To build this proxy we use data on the number of exporting firms, and the value of exports per exporting country and size class provided by the OECD-Eurostat database. The database distinguishes four different size classes: firms with 0-9 employees, firms with 10-49 employees, firms with 50-249 employees, and firms with more than 249 employees. We calculate the average exports per firm in each size class, and we divide this figure by the sample mean. We use this ratio as a proxy for productivity. Multiplying the number of exporting firms by the productivity index in each size class, and adding all size classes, we get a productivity-weighted number of exporting firms per each exporting country.
<INSERT TABLE 3 HERE> Table 3 reports the results of estimating equation (10) with the number of exporting firms weighted by productivity. 9 We can see that the estimation of the OLS model lead to almost identical results to those obtained with the non-weighted number of firms. In the Poisson model there is a slight increase in the coefficient for distance, and a slight reduction in the coefficient for RTA; moreover, we observe that adjacency becomes statistically significant.
Notwithstanding these changes, the results point out that the main conclusions of our analysis are robust to using a productivity-weighted measure of the number of exporting firms.
In addition to the total figure, the OECD-Eurostat database provides data on the number of exporting firms per country-pair trade relationship for three main economic activities:
industry, trade and repair and other sectors. As a second robustness analysis, we study whether results are altered when estimating the gravity equation distinguishing by main economic activity.
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As shown in Table 4 , in all sectors, there is a severe drop in the distance coefficient when introducing the actual number of exporting firms in the estimation. The 9 As Germany and Norway do not provide data on the number of exporting firms and value of exports per size class for all partners, the sample is reduced to 657 observations. 10 As some countries do not report the number of exporting firms per bilateral export relationship for some industries, the number of observations in this sample is lower.
language coefficient, that was positive and statistically significant in the traditional estimation for industry and other sectors, becomes statistically not significant when controlling for the number of exporting firms. This result points out that language has a negative effect on the extensive rather than the intensive margin of trade. In contrast, the RTA coefficient tends to increase its value, and to become statistically significant when controlling for the number of exporting firms. This result points out that regional trade agreements facilitate the intensive rather than the extensive margin of trade. Common currency and adjacency are statistically not significant in all estimations.
<INSERT As shown in Table 5 
Conclusions
To estimate correctly the effect of variable trade costs on firms' exports, the gravity equation
should control for the number of firms that participate in foreign markets. Due to the absence of data, previous studies estimate this number using an export participation model and, then, introduce it in a gravity equation. However, due to the strong distributional assumptions demanded by this procedure, some authors cast doubts on the validity of these estimates. To overcome these problems, this paper estimates a gravity equation using the actual number of exporting firms for a sample of 21 exporters and 36 importers.
Our results show that some traditional gravity estimates are severely biased if they do not control for firm heterogeneity. We also find that the size of the bias is much larger than reported in previous multi-country studies. In particular, we find that the distance coefficient falls between 54% and 66% when introducing the number of exporting firms in the gravity equation. We also find that the traditional gravity estimates overestimate the impact of language, and underestimate the impact of regional trade agreements on the intensive margin of trade. Note: All specifications include year specific exporting and importing country fixed effects. Country-pair clustered standard errors in parentheses. *** denotes significance at the 1-percent level, ** significance at the 5-percent level, and * significance at the 10-percent level. 
